Abstract: Dissolved organic matter (DOM) is a kind of dissolved materials containing humic-like, protein-like and carbohydrates, which distributed widely in various kinds of water body. Due to the complex components, it is hard to analyze fully specific organic fraction. Due to three dimensional excitation-emission fluorescence (3DEEM) technique with the merits of high sensitivity, high selectivity, simple operation, and non-destructive and less sample, it has become one reliable method to study DOM. This study gave a brief introduction for 3DEEM technique, and reviewed from the characterization of DOM and the relationship between DOM and heavy meta ls. Additionally, we also summarized the application of 3DEEM in DOM from natural water environment and wastewater treatment to provide the theoretical basis and technical support for geochemical cycling of pollutants and water environmental protection and control.
Introduction
Dissolved organic matter (DOM) is a kind of important, very active materials in terrestrial and aquatic ecosystems, which has a direct influence on nutrients (carbon, nitrogen, and phosphorus) cycling, the toxicity of pollutants and transformation characteristics, and even on human health [1] [2] [3] . However, It has been a long time for lacking suitable method to analyze specific components, and to acquire detailed information because of complex components in DOM. Recently, 3DEEM with the simple and fast, highly sensitive, very selective and non-destructive merits has been developed [4, 5] , and was regarded as the simplest, and the most effective technique to study the components, concentrations and sources of DOM. As yet, this technique has been applied in many fields such as natural water bodies (lakes, rivers, and oceans), soil and water treatments and so on.
The principle of fluorescence spectrum is that molecules absorbed ultraviolet and visible spectrum and then emitted after the transition. These molecules in excited state would return to the ground state, which were often associated with a certain wavelength of light (fluorescence). The fluorescence spectrum technique was a quantitative and qualitative method to determine the fluorescent intensity and wavelength. Three dimensional excitation-emission fluorescence (3DEEM) was a new fluorescence analysis method in recent years, which was based on excitation-emission matrix (EEM) from the different excitation wavelength (Ex) scanning on emission (Em) spectrum. 3DEEM could simultaneously acquire and characterize different fluorescence information to provide unique "fingerprint" tracer technique, and could reveal the relative concentration and distribution change.
Functions of 3DEEM
Characterizing the components and concentrations of DOM The peak location of 3DEEM could characterize DOM components. The fluorescent intensities could represent DOM concentration. Generally, the components of DOM characterized by 3DEEM were divided into two classes (protein-like and humic-like matters) [6] . The common peaks were shown in Table 1 .
Additionally, there were some researchers to further explore the information from 3DEEM and extended their application. For example, Liu et al. [7] found the peak wavelength of the pollutants (Hydroquinone: Ex/Em=298 nm/330 nm; biphenyl compounds: Ex/Em=294 nm/315 nm), and built the relationship between concentrations and fluorescence intensities.
Many kinds of fluorophores were involved in the 3DEEM spectra, which could stack with each other to cause inaccurate identification. To solve this problem, Stedmon et al. [8] (2003) used parallel factor analysis (PARAFAC) to break the stacking fluorophores into independent fluorescent components. This method was better than the traditional "peak peaking" method, and could help to reveal more information from EEM. Table 1 Spectral characteristics of excitation and emission maxima
Co mponents Peak peaking method [9] PARAFA C method
Protein-like matters
Tryptophan-like Ex/ Em = 225230 (275)/340350 Ex/ Em = 275/ 318 [10] Ex/ Em = 280/ 344 [11] Ex/ Em = 250(290)/ 356 [12] Tyrosine-like Ex/ Em = 225230 (275)/305310 Ex/ Em = 275/ 304 [11] Ex/ Em = 270/ 299 [13] Hu mic-like matters Ex/ Em = 230260/380460; Ex/ Em = 320360/420480; Ex/ Em = 290310/370420
Ex/ Em = 325(<260)/385 [13] Ex/ Em = 310/ 414 [10] Ex/ Em = 260(370)/ 490 [10] Tracing and resolving the sources of DOM Generally, protein-like materials (tryptophan-like and tyrosine-like) were from biological activity, and humic-like materials were from terrestrial or marine environments. So monitoring these fluorescent materials could reach the purpose of tracing DOM. Due to the protein-like materials in polluted waters were always significantly related to organic pollution index such as biochemical oxygen demand (BOD) and chemical oxygen demand (COD), these fluorescent materials could be monitored the polluted status in waters [14] . Henderson et al [15] summarized that 3DEEM technique could be used as a useful monitoring tool, and pointed that the ratio of peak values of humic-like to protein-like materials was used to identify the contamination status.
The sources of DOM could be estimated from three fluorescence indices, that is, fluorescent index (FI 370 ), the humification index (HIX), and biological index (BIX). The fluorescent index (FI 370 ) was defined as the ratio of fluorescence intensity at the emission wavelength 450 nm to that at 500 nm at excitation wavelength 370 nm. This index could distinguish the external source input and/ or autogenic source [4] . McKnight et al. [16] (2001) indicated that, FI 370 is about 1.4 for biological sources and about 1.9 for terrestrial sources. HIX is calculated by the ratio of average value between emission wavelengths 300 and 345 nm to that between 435 and 480 nm at excitation wavelength 254 nm [17] . When the degree of aromaticity of DOM increases, HIX increases. Huguet et al. [17] pointed that when HIX index was less than 4, DOM was mainly from autochthonous biological IFEESM 2015) activity, and the humification degree was relatively weak; when HIX index was high, DOM was mainly from terrestrial origin. BIX is the index of recent autochthonous contribution, indicating the presence of the autochthonous biological activity. BIX index is determined as the ratio of fluorescence intensity at 380 nm, divided by that at 430 nm, both excited at 310 nm. High values of BIX (>1) corresponded to a predominantly autochthonous origin, whereas low values indicated lower autochthonous DOM [17] . Overall, these indices for characterizing DOM source were shown in Table 2 . Through these indices, Xiao et al. [18] identified that DOM in South Sea in China mainly derived from marine autochthonous biological activity. Zhang et al. [4] concluded that the DOM in 38 lakes of Yungui Plateau in different eutrophic status was simultaneously affected by autochthonous and external sources.
Studying the relationship between DOM and heavy metals
DOM contained carboxyl, amino and phenolic hydroxyl groups and so on, which could combine and carry a lot of metal ions and hydrophobic organic compounds, and further changed the transport and transformation of pollutants. Through studying the interaction between DOM and arsenic (As) and antimony (Sb), Zhang et al [19] showed that stronger binding capacity of protein-like than humic-like component for As/Sb. Similar result also showed that the chelate ability for lead (Pb(II)) of protein-like was stronger than humic-like matters [20] . Fu et al. [21] studied the interaction between DOM in rivers and mercury (Hg(II)) by 3DEEM, and showed that the fluorescent matters including humic-like matters in DOM were strong organic ligands on Hg(II). Wu et al. [22] further verified the rapid coupling function between DOM and Hg. The Hg(II)-DOM system could reach quasi-equilibrium status in 20 s. Additionally, the fluorescent peak wavelength was red-shifted, indicating that the structure of DOM changed after interaction.
Application in natural waters
Characterizing DOM in natural waters by the 3DEEM technique was firstly applied in marine waters [6] . Coble [6, 9] pointed that there were 5-6 fluorophores in seawater. Due to the lake was simultaneously affected by terrestrial input and biological activity, there were also many fluorescent peaks in lake waters. For example, DOM in Lake Taihu contained humic-like, tryptophan-like and tyrosine-like matters [23] . However, the components in ground waters were relatively simpler. Yao et al. [24] showed that DOM in Karstic ground water was mainly composed of terrestrial humic-like matters, which was consist with Fu et al. [25] . Additionally, Liu et al. [26] built the relationship International Forum on Energy, Environment Science and Materials (IFEESM 2015) between the fluorescent components of DOM in coastal ocean in China and eutrophication indexes, and showed that using 3DEEM technique to estimate the eutrophic status is rapid and feasible.
Application in wastewater treatments
Fluorescence spectroscopy as an effective monitoring tool has been applied to monitor water quality and pollution in rivers [27] , control wastewater treatment process [27] [28] [29] , determine specific organic contaminants in wastewaters [30] , monitor the recycled waters after wastewater treatments [15] and characterize water quality in the wastewater treatment process [31] . Recently, COD and BOD as the organic matters indexes were used in wastewater treatment process. However, these assay procedures were complex, which spent a long time to determine, and further caused secondary pollution. So studying fluorescence spectroscopy of DOM in inflow and effluent in wastewater treatments was useful to identify the removal effects of organic matters in waters. Lv et al. [32] measured the water quality during the treatment of feed water by 3DEEM technique, and showed that the visible humic-like matters were largely removed through the process (sedimentation tank-V-type filter-general filter), and the remove rate reached 70%. Through using 3DEEM to explore the treatment status of rural eutrophic water by constructed wetlands, Deng et al. [33] showed that the peak intensities of tyrosine-like and tryptophan-like matters both decreased after treatment, and the peak intensities of humic-like matters increased. This suggested that organic matters became more humified after treatment. Additionally, Liu et al [34] extended 3DEEM technique into reflect the cause of biofilm pollution and the capture efficiency of biofilm, and further showed that protein-like and humic-like matters were the main fluorescent signals to cause biofilm pollution. Besides, the intensities could characterize the capture efficiency of film.
Conclusions
3DEEM technique could rapidly measure DOM, and has the characteristics of high sensitivity, simple process, less and non-destructive sample, and tracing function and primarily identifying sources. As mentioned above, this technique has been widely applied in natural waters, water quality monitoring, water treatment engineering and so on. It should be noted that, 3DEEM only characterized the fluorescent matters in DOM. So according to the research purpose, other analysis techniques such as molecular determination, infrared spectroscopic analysis and nuclear magnetic resonance would be used together to characterize DOM.
